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Description 

The invention relates to a cement dispersing agent which can be used in a cement composition, such as cement 
paste, grout, mortar and concrete. 

Generally, cement compositions show a volume decrease when hardening or drying. This volume decrease is 
called "drying shrinkage" and is a major cause reason of cracking in walls, floor panels and in a concrete construction. 

This cracking brings about inter aliaXhe reduction of rigidity and of watertightness and a deteriortion in appearance. 
It also accelerates the degradation of concrete by permitting water and air to permeate into the concrete. This can. for 
example, accelerate the occurrence of rust in reinforcing bars, and thereby cause cracking to an even greater extent. 

One suggested counter-measure against shrinkage is the addition of an expanding admixture such as a mixture of 
calcium sulfoaluminate and calcium oxide. The drying shrinkage can also be reduced making the proportion of water in 
the concrete small. The Japan Society of Architecture defines the upper limit value of the unit water contents in highly 
durable concrete as not more than 175 Kg per cubic metre. To meet this rule, there is generally used a high-range air- 
entraining, water-reducing agent with a high water-reducing property. 

Further, with the aim of reducing the drying shrinkage itself, the addition of shrinkage-reducing agents such as 
polyoxyalkylenealkyi ethers, alkoxypolyalkylene fatty acid esters and alcohols has been proposed. However, such an 
agent cannot be used when the drying shrinkage continues for a long period because concrete expansion finishes at a 
very early stage of the cement hardening process. In addition, it is difficult to determine an appropriate amount for 
reducing drying shrinkage in each individual case of such agents. 

Additionally, the method of reducing concrete unit water content by using a high-range air-entraining, water-reduc- 
ing agent does not give a satisfactory shrinkage reducing effect. 

Further, the abovementioned shrinkage-reducing agents have the defect that the amount needed to obtain a suffi- 
ciently large shrinkage reducing effect is very large and it is not economical. It is necessary also to use anti-foaming 
agents as they tend to entrain large volumes of air. It is also necessary to reduce concrete unit water contents, and this 
may be achieved by a combined usage of air-entraining, water-reducing agent and high-range air-entraining, water- 
reducing agent is necessary. 

The object of the invention is to provide a cement dispersing agent which has both the shrinkage-reducing effect of 
a conventional shrinkage-reducing agent and which achieves these ends when used in relatively low dosages. 

It has now been found that the abovementioned objects can be achieved by a cementitious composition shrinkage- 
reducing dispersing agent which consists essentially of graft polymer which is a polycarboxylic acid or a salt thereof, 
having side chains derived from at least one species selected from (a) oligoalkyleneglycol and/or polyalcohol and (b) 
polyalkylene glycols or derivatives thereof. 

By "polycarboxylic acid " is meant a polymer having at least two carboxylic acid groups pendant therefrom. Polycar- 
boxylic acids or the salts thereof suitable for use in the invention include styrene-maleic anhydride copolymers, their 
partial esters, and the salts thereof, allylether-maleic anhydride copolymesr. their derivatives, and the salts thereof and 
(meth)acrylic acid-(meth)acrylic acid ester copolymers, their derivatives, and the salts thereof. Typical examples of suit- 
able salts include alkali metal salts, alkaline earth metal salts, lower amine salts and lower alkylamine salts. 

Suitable oligoalkyleneglycol monoalkylethers include diethylene glycol -dipropylene glycol monobutyl ethers, tetra- 
ethylene glycol-tetrapropylene glycol monobutyl ethers, diethylene glycol -propylene glycol monobutyl ethers, tetrapro- 
pylene glycol monometyl ethers, tetraethylene glycol monoisopropyl ethers, and the derivatives thereof. Such 
compounds include derivatives In which there is present an ester group, an epoxy group or polyfunctional alcohol. 

Suitable polyalkylene glycols or the derivatives include ethylene oxide-propylene oxide block copolymers with anti- 
foaming properties, their monoalkyi (1 to 14 C atoms) ethers, their mono esters, and the derivatives thereof. Exanples 
of derivatives include a fatty acid ester or a phosphoric acid ester. A particularly useful derivative is an acetylene deriv- 
ative: an example of a suitable polyalkylene glycol derivative is an acetylene alcohol polyoxyethylene adduct. available 
commercially, for example, as "Surfynol" (trade mark) 440 ex Nisshin Kagaku KK. 

The dosage of the agent of the invention is basically that amount which can give desirable cement dispersing and 
low shrinkage properties. In the case of ready-mixed concrete, it is the amount which can produce desired conaete 
water-reducing properties. 

It is possible to use with the agents of this invention other art-recognized ingredients in art-recognised quantities. 
Examples of such materials include air-entraining, water-reducing agents: water-reducing agents: high-range water- 
reducing agents: high-range air-entraining, water-reducing agents; setting retarders: setting and hardening accelera- 
tors: thickeners: anti-foaming agents, and so on. 

The -agents of this invention have excellent storage stability and give excellent results when used in very small 
quantities compared to those used with conventional drying shrinkage agents. The invention therefore also provides a 
method of reducing the shrinkage of a cemerrtitious composition by adding thereto a shrinkage-reducing quantity of an 
agent as hereinabove described. The invention further provides a low-shrinkage cementitious composition which com- 
prises a shrinkage-reducing quantity of an agent as hereinabove described. 

The invention is further described with reference to the following non-limiting examples. 
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1) Preparation of polycarboxylic acid 

s Preparation 1 Stvrene-maleic anhydride cooolymer (Sample S) 

To a glass reaction vessel equipped with thermometer, stiffer. nitrogen gas inlet, dropping funnel and reflux con- 
denser are added methyl isobutyl ketone (MIBK) 321 .4 wt. parts. maleic anhydride (MAN) 147.0 wt. parts and dodecyl 
mercaptan (DOMER, chain transfer agent) 6.0 wt. parts, and the atmosphere of the reaction vessel is replaced by nitro- 
10 gen under stin-ing. The mixture is heated to 1 10* C, and azobisisobutyronitrile (AIBN, polymerization initiator) 6.00 wt. 
parts and styrene 156.0 wt. parts are added dropwise over a period of 1 hr. After keeping the reaction mixture at the 
tennperature under stifling for a further 2.5 hr.. it is cooled to room tenperature. The result is a styrene-maleic anhydride 
copolymer (SMA polymer). Sample S, whose mean molecular weight by weight is 21000 (calculated in terms of poly- 
ethylene glycol (PEG)). 

IS 

Preparation 2 Allvl ether- maleic anhydride copolymer (Sample A(A)) 

To a glass reaction vessel equipped with thermometer, stirrer, nitrogen gas inlet, dropping funnel and reflux con- 
denser, are added allyl ether (manufactured by Nihon Yushi Co., Ltd.) 336 wt. parts, maleic anhydride 98.0 wt. parts. 
20 benzoyl peroxide (B.P) 6.0 wt. parts and toluene 566.0 wt. parts, and the atmosphere of the reaction vessel is replaced 
by nitrogen under stimng. The mixture is heated to SO"" C. and allowed to react, maintaining the temperature for 4 hr. 
The reaction mixture is evaporated at 110'' C. under reduced pressure. lOmmHg, to remove toluene, and brought to 
ordinary pressure to give an allyl ether-maleic anhydride copolymer (AMA polymer-a). Sample A(A), whose mean 
molecular weight by weight Is 23000 (calculated in terms of PEG). 

25 

Preparation 3 Allvl ether-stvrene-maleic anhydride copolymer (Sample AfC)) 

To a glass reaction vessel equipped with thermometer, stirrer, nitrogen gas inlet, dropping funnel and reflux con- 
denser, are added allyl ether (manufactured by Nihon Yushi Co.. Ltd.) 201.6 wt. parts, styrene 41.6 wt. parts, maleic 
30 anhydride 98.0 wt. parts, benzoyl peroxide (B.P.) 6.0 wt. parts and toluene 566.0 wt. parts, and frie atmosphere of the 
reaction vessel is replaced by nitrogen under stirring. The mixture is heated to 80** C. and is allowed to react keeping 
the temperature constant for 4 hr. The reaction mixture is then evaporated at 110*" 0, under reduced pressure, 
lOmmHg, to remove toluene, and brought to ordinary temperature and pressure to give an allyl ether-styrene-maleic 
anhydride copolymer (AMA polymer-b) Sample A(C). 

35 

2) Preparation of graft copolymer 
Preparation 4 (Sample S02) 

40 To a glass reaction vessel equipped with thermometer, stirrer, nitrogen gas inlet, dropping funnel and reflux con- 
denser are added Sr\4A polymer prepared In Preparation 1. 200.7 wL parts (solid portion. 101 wt. parts). MIBK 150.0 
wt. parts and tributyl amine (TMAm) 1 3.3 wi parts. The mixture Is heated to 1 10* C. and polyethylene glycol monome- 
thyl ether (M-PEG 500 : MW = 500) 500 wt. parts, polyalkylene glycol (polyoxyethylene-polyoxypropylene adduct 
-Pluronic" (trademark) L-61 ex Adeka Co.) 58.0 wt. parts and tril3iutyl amine (TMAm) 13.3 wt parts which are placed 

45 together in dropping funnel are added dropwise. After the reaction mixture is kepi under stirring at 1 10* C. for 3 hr., 
MIBK was evaporated to give the graft polymer. Sample S02. 

Preparation 5 f Sample A01) 

so To a glass reaction vessel equipped with thermometer, stirrer, dropping funnel and reflux condenser are added 
108.5 wt. parts of AMA polymer-a prepared in Preparation 2 and MIBK 150.0 wt. parts. The mixture is heated to 1 10* 
C. and diethylene glycol dipropylene glycol monobutyl ether (GE-42-2P, manufactured by Nissou Maruzen Chemical 
Co. Ltd.) 173.8 v4. parts, polyalkylene glycol (L-64: manufactured by Adeka Co., Ltd.) 46.0 wt parts and TBAm 13.33 
wt. parts which are placed together in dropping funnel are added dropwise. After the reaction mixture was kept under 

55 stirring at 1 lO"" C. for 3 hr.. It is cooled to room temperature and diluted with water to give a 40% aqueous solution of 
the obtained graft polymer. Sample A01 . 
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Preparation 6 (Sample AQ2) 

To a glass reaction vessel equipped with thermometer, stirrer, dropping funnel and reflux condenser, are added 
108.5 wt. parts of AMA polymer-a prepared in Preparation 2 and MIBK 150.0 wt. parts. The mixture is heated to 1 10* 
5 C. and diethylene glycol propylene glycol monobutyl ether (GE-42-1P: manufactured by Nissou Maruzen Chemical 
Co.. Ltd.) 139.1 wt. parts, and TBAm 13.3 wt. parts which are placed together in dropping funnel are added dropwise. 
After the reaction mixture is kept under stirring at 110** C. for 3 hr.. it Is cooled to room temperature and diluted with 
water to give a 40% aqueous solution of the obtained graft polymer. Sample A02. 

10 Preparation 7 ( Sample AQ7) 

To a glass reaction vessel equipped with tiiermometer. stirrer, dropping funnel and reflux condenser are added 
1 13.7 wt. parts of AMA polymer-b prepared in Preparation 2 and MIBK 150 wt. parts. The mixture was heated to 1 10** 
C, and GE-42-2P 181 .2 wt. parts. L-64 (52.0 wt. parts) and TBAm 13.3 wt. parts which are placed together in the drop- 
ping funnel are added dropwise. After the reaction mixture is kept under stirring at 1 10** C. for 3 hr., it is cooled to room 
temperature and diluted with water to give a 40% aqueous solution of the obtained graft polymer. Sample A07. 

Preparation 8 (MAA polvmer. Sample MQ1) 

To a glass reaction vessel equipped with thermometer, stin-er, nitrogen gas inlet, and reflux condenser are added 
acrylic acid chloride 120 wt. parts, GE-42-2P 306 wt. parts, triethyl amine 100.0 wt. parts and toluene 500 wt. parts. 
The mixture is reacted at 80** C. for 10 hr., cooled to room temperature, and extracted with diethyl ether to give the 
acrylic acid (GE422P) ester. The acrylic acid ("SurfynoP (trade mark) 440) ester is obtained by an analogous method. 

To a glass reaction vessel equipped with thermometer, stirrer, nitrogen gas inlet, dropping funnel and reflux con- 
denser are added isopropyl alcohol (IPA) 1 95.0 wt. parts, and tiie atmosphere of the reaction vessel is replaced by nitro- 
gen. It is heated to SO** C, and over a period of 2 hr. is added dropwise a mixture of methoxy ? ethylene glycol 
methacrylate (NK-M90G: manufactured by SNnnakamura Chemical Co.. Ltd) 66.5 wt parts, methacrylic acid 23.1 wt. 
parts, the acrylic acid ester hereinabove Obtained (GE422P) 40.5 wt. parts, tine above acrylic acid ("SurfynoP 440) ester 
2.3 wt. parts. B.P 1.2 wt. parts, and IPA 120.0 wt. parts. B.P 0.245 wt. parts, and IPA 5 wt. parts are then added, and 
after 30 min. were added once more B.P 0.245 wt. parts, and IPA 5 wt. parts. The reaction mixture is stirred, keeping 
the temperature constant for 1 hr. and 30 min., cooled to room temperature, and neutralized by adding a 30% sodium 
hydroxide solution 15 wt. parts and water 100 wt parts. IPA in the mixture is removed by evaporator to give the graft 
polymer. Sample M01 (molecular weight: 34000 calculated in terms of PEG). 

According to the abovementioned preparations and by analogous methods, there are prepared four series of graft 
copolymers, a series of graft polymers of the general formula S (styrene-maleic anhydride copolymer, its partial ester 
and its derivative : SMA polymer), a series of the general formula A (allylether-maleic anhydride copolymer and its 
derivative : AMA polymer), a series of the general formula B (isobutylene-maleic anhydride copolymer its partial ester 
and its derivative : BMA polymer) and a series of the general formula M {meth)acrylic acid-{meth)acrylic add ester 
copolymer: MAA polymer) are prepared. Each graft polymer prepared is shown in Table 1. 
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(wherein M is H, alkali metal, alkaline earth metal. lower amine or lower alkanolamine. Ph is a phenyl group. Me is a 
methyl group, R is oligoalkyleneglycol and/or polyalcohol. L is H; polyalkyleneglycol or its derivatives, EO is an ethylene 
glycol residual group, n is an integer of from 1 to 100. a is 1, b is 0.5. c is 0.5 - 0.45 and d is 0 - 0.05). 
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General formula A 



— CHc 



10 



IS 



-CH — 
I 

O 
I 

(EO)n 
Me 



CH, — CH 
I 

Ph 



CH — CH ■ 

I I 

CO CO 

1 I 

CM OR 



CH — CH-h 

I I 

CO CO 

I I 

OM O 



(wherein M is H. aikali metal, alkaline earth metal, lower amine or lower alkanolamine. Ph is a phenyl group. Me is 
methyl group. R is oligoalkyleneglycol and/or polyalcohol. L is H, polyalkyleneglycol or its derivatives. EO is an ethylene 
20 glycol residual group, n is an integer 1-100. a is 1 , b is 0.5, c is 0.5 - 0.45 and d is 0 • 0.05). 
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40 (wherein M is H, alkali metal, alkaline earth metal, lower amine or lower alkanolamine. Me is a methyl group, R is oli- 
goalkyleneglycol and/or polyalcohol. L is H. polyalkyleneglycol or its derivatives. EO is an ethylene glycol residual 
group, n is an integer of from 0 to 100. a is 1, b is 0.5. c is 0.5 - 0.45 and d is 0 - 0.05.) 
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General formula M 
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(wherein M is H. alkali metal, alkaline earth metal, lower amine or lower alkanolamine. Ph is a phenyl group, Me is 
methyl group, R is oligoalkyleneglycol and/or polyalcohol and L is H, polyalkyleneglycol or its derivatives, EO is an eth- 
25 yiene glycol residual group, n is an integer of from 1 - 100, a is 0.5 - 5, b is 0.5 - 10, c is 0.1 - 5 and d is 0 - 0.2). 



30 



35 



40 



45 



SO 



55 



6 



EP0 725 043 A2 



Table 1 
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Monomer Composiiion 










ST 














n 


R 


L 


MW 












h 
u 


c 


a 










cone 


MV 




s 


1.0 


0 


1.0 


0 


12 


M 




21000 


0.38 


58-2 




SO] 


1.0 


0.97 


0 


0.03 


12 


_ 


L61 


24000 


0.38 


58.4 




S02 


1.0 


O.SO 


0,47 


0.03 


12 


Bu-0(EO)2(PO)2-H 


L61 


19000 


0,38 


40-0 




S03 


1.0 


0.50 


0.47 


0.03 


12 


Bu.O(EO)4(PO)4-H 


L61 


22000 


0.38 


43-2 


SMA 


S04 


1.0 


0.50 


0.47 


0.03 


12 


Bu-0(EO)j(PO),-H 


L61 


18000 


\3.ja 






SOS 


1,0 


0.50 


0.47 


0.03 


12 


Mc-0(P0)4-H 


L61 


20000 


U.JO 






S06 


1.0 


0.50 


0.47 


0.03 


12 


iPr-0(E0)4-H 


L61 


19000 


0.38 


43.6 




S07 


1.0 


0.50 


0.50 


0 


12 






21000 


0.38 


41.3 




SOS 


1.0 


0.50 


0.50 


0 


12 


Bu-0(EO),(PO)rH 




20000 


0.38 


41.1 




S09 


1.0 


0.50 


0.47 


0.03 


12 


(Mc)jN-(EO),-H 


L61 


18000 


0.38 


41.5 




SIC 


1.0 


0.50 


0.47 


0.03 


12 


(Bu)jN-(EO)rH 


L61 


20000 


0.38 


40.4 




SU 


1.0 


0.50 


0.50 


0 


12 


Ph-0(P0),3-H 


- 


23000 


0.38 


43.2 




S12 


1.0 


0.50 


0.47 


0.03 


12 


(Mc)2PhO(PO),3-H 


L61 


21000 


0.38 


45.1 




S13 


1.0 


0.50 


0.47 


0.03 


12 


«Vi„)Ph-0(EO),. 


L61 


23000 


0.38 


42.3 
















(PO)a-H 
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l.U 


O.50 


0.47 


0.03 


12 


NPG 


L61 


20000 


0.38 


40.9 




S15 


1.0 


0.50 


0-50 


0 


12 


PE 




21000 


0.38 


43.1 






1.0 


0.50 


0.47 


0.03 


12 




Lol 


23000 


0-38 


41.7 




A(A) 


1.0 


0 


1.0 


0 


6 


M 


- 


23000 


0.34 


52.6 




A(B) 


1.0 


0 


1.0 


0 


11 


M 


- 


21000 








A(C) 


0.5 


0.5 


1.0 


0 


12 


M 




19000 






AMA 


AOl 


1.0 


0 


0.97 


0.03 


6 


Bu-CXEOjCPOVH 


L64 


21000 


0.34 


38.2 




A02 


0.99 


0.01 


0.97 


0.03 


6 


Bu-0(E0)2(P0),-H 


L64 


22000 


0.34 


35.9 




A03 


l.O 


0 


1.0 


0 


6 


Bu-0(E0)2(P0VH 




20000 


0.34 


34.1 




A04 


1.0 


0 


0.97 


0.03 


6 


Bu-OCEO)2(PO)j-H. 


L64 


22000 


0.34 


38-2 
















PE 












AOS 


1.0 


0 


0.97 


0.03 


11 


PE 


L64 


26000 


0-34 


40.2 




A06 


1.0 


0 


1.0 


0 


11 


PE 




21000 


0.34 


40.0 




A07 


0.60 


0.40 


0.97 


0.03 


12 


Bu-0(EO)2{PO)2-H 


L64 


22000 


0.34 


41.2 




A08 


0.S0 


0.50 


1.0 


0 


12 


Bu-0(EO)2(PO)2.H 




23000 


0.34 


43.1 




A09 


0.S0 


0.50 


1.0 


0 


12 


PE 




26000 


0.34 


45.1 




AlO 


0.60 


0,40 


0.97 


0.03 


12 


PE 


L64 


22000 


0.34 


43.5 
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Table 1 (continued) 
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cone 


MV 
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1.0 


0 


1.0 


0 


12 


M 




ouuu 


U.Oo 


Ol .O 




BMA 


BO] 


1.0 


0.97 


0 


0.03 


12 




1 




fi Aft 

v.Oo 




IS 




























B02 


1.0 


0.50 


0.47 


0.03 


12 


Bu-0(EO)j(POVH 


L6] 


17000 


0.68 


43.2 






B03 


I.O 


0.50 


0.50 


0 


12 


Bu-0(EO)4(PO)4-H 




25000 


0.68 


45.1 






B04 


1.0 


0.50 


0.47 


0.03 


12 


Mc-0(P0)4-H 


L61 


16000 


0.68 


44.2 






BOS 


1.0 


0.50 


0.47 


0.03 


12 


(Mc)2N-(EO),-H 


L61 


9000 


0.68 


43.7 


20 




M 


1.0 


5.0 


0 


0.05 


10 




440 


36000 


0.29 


58.2 




MAA 


MOI 


1.0 


2.0 


1.0 


0 


10 


Bu-0(EO)j(POVH 




34000 


0.29 


41.0 






M02 


1.0 


2.0 


1.0 


0.05 


10 


Bu.O(EO)j(PO)2-H 


440 


32000 


0.29 


42.1 






M03 


1.0 


2.0 


2.0 


0.05 


25 


Bu-0(EO),(PO),.H 


440 


42000 


0.29 


40.1 


25 




M04 


1.0 


1.0 


1.5 


0.10 


25 


Bu-0(EO)2(PO)2-H 


440 


39000 


0.29 


40.6 






M05 


1.0 


3.0 


3.0 


0.10 


35 


Bu-0(E0)2(P0),-H 


440 


40000 


0.29 


39.2 






M06 


1.0 


2.0 


1.0 


0 


10 


(Mc)jN-(EO),-H 




34000 


0.29 


41.0 






M07 


1.0 


2.0 


1.0 


0.05 


10 


(Bu)2N-(EO),-H 


440 


32000 


0.29 


42.1 






M08 


1.0 


2.0 


2.0 


0.05 


25 


Ph-0(P0),2-H 


440 


42000 


0.29 


40.1 


30 




M09 


1.0 


1.0 


1.5 


0.10 


25 


NPG 


440 


39000 


0.29 


40.6 




MIO 


1.0 


3.0 


3.0 


0.10 


35 


PE 


440 


40000 


0.29 


39.4 



35 



40 



Heading abbreviations 



P 
S 

MW = 
ST = 
cone = 
MV = 
L 



polymer 
Sample 

molecular weight (weights average by GPC, calculated value in terms of PEG) 
surface tension 

concentration (%) (adjusted to the same) 
measured value (dynes/cm^) 
type of polyalkyleneglycol 



45 



WORKING EXAMPLES 

so 1) Preparation of cement d ispersino aoent 

The Cement dispersing agents consisting of a solution of the graft polymers of Preparations 1-16 (Table 3» Example 
1-39) are prepared. For corrparison are prepared cement dispersing agents consisting of mixed solutions of a graft pol- 
ymer to which are added high-range air-entraining, water-reducing agent and/or anti-foaming agents anti-fbaming 
55 agents (Table 3. Comparative Example 1 -1 0). 
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2) Storage stability test of the solution 

The cement dispersing agent consisting of the solution of graft polymer (Samples: M02-05, M07-10, B02, B04. 
805, A01, A02. A04. AOS, A10. S02-06. S09. 810, 812-14, 816) bound with an anti-foaming polyalkyleneglycol or its 

5 derivatives, and a cement dispersing agent consisting of a mixed solution of an anti-foaming agent and the graft poly- 
mer 807 which does not bind with an anti-foaming agent, are allowed to stand and reserved at 50''C. The storage sta- 
bility of the solutions are assessed by observing the degree of miscibllity by eye. As the test results, the mixed solution 
of SO? and the anti-foaming agent ftjolyalkyleneglycol (trade mark: Pluronic L-61: manufactured by Adeka Co.. Ltd.] 
show the separation of SO? and the anti-foaming agent into two phases after 24 hr., however, no separation is observed 

10 in the solution of graft polymer bound with the anti-foaming polyalkyleneglycol or its derivatives. 

3) Preparation of concrete 
3-1) Preparation of concrete 

15 

Concrete is designed to have slump of 1 8.5 ± 1 .5 cm. and air content 4.5 ± 0.5% Two types of blend are made, plain 
concrete (Blend I) which contains no additives and a blend (Blend II) in which water contents are reduced by 18% from 
the plain concrete as shown in Table 2. Each material is measured such that the admixture amount is 80 litres, and all 
the materials containing cement dispersing agent consisting of a graft polymer of Preparations 1-16 are added to a 100 
20 liter pan-type forced mixing mixer, and mixed for 90 sec. to give the concrete shown in Table 3 (Examples 1-39. Com- 
parative Examples 1-10). Further, the amount of air is adjusted by using an anti-foaming agent or an air-entraining 
agent as required. 



Table 2 



'30 



Type of blend 


W/C (%) 


s/a(%) 


Unit amount (kg/m^) 








Cement 


Water 


Fine aggregate 


Coarse aggregate 


1 


63.8 


50.0 


320 


204 


884 


901 


II 


52.2 


49.0 


320 


167 


875 


928 



35 3-2) Materials used 

a. Rne aggregate: Ol River System pit sand (specrfic gravity 2.60, fineness modulus 2.76) 

b. Coarse aggregate: Oume sandstone crushed stone (specrfic gravity 2.65. maximum particle diameter 20mm) 

c. Cement: ordinary portiand cement (specific gravity 3.16. mixed the cement manufactured by Chichibuonoda. 
40 Sumitomo and Mitsubishi companies in equal amount) 

d. High-range air-entraining, water-reducing agent: Rheobild SP-8N {SP8 for short) manufactured by NMB Co., 
Ltd., Rheobild SP-9N (SP9 for short) manufactured by NMB Co., Ltd. 

e. Drying shrinkage reducing agent: diethylene glycol dipropylene glycol monobutyl ether, GE-42-2P (GE2P for 
short), manufactured by Nissou Maruzen Chemical Co., Ltd. 

45 f. Anti-foaming agent: air volume adjusting agent No! 404 exNMB (main components, polyalkylene derivatives), 
g. Polycarboxylic acid and graft polymer: graft polymer from Preparations 1-16. 

4) Concrete test methods 

50 a. Slump: According to JIS A 1 101 , the testing was carried out just after mixing and at 60 min. later. 

b. Change of lengtii: According to JIS A 1 132 and JIS A 1 129. 

c. Amount of air: According to JIS A 1 128. 

d. Setting time: According to JIS A 6204 Supplement 1 . 

e. Connpressive strength: Measurement at the age 28 days according to JIS A 1 132 and JIS A 1 108. 

55 

5) Test results of concrete 

The test results of concrete are shown in Table 3 and the following effect is ascertained. 
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a. Water-reducing property 

Examples 1-17 in which the graft polymers (S-3-9, A-2-6, M-2-6) related to the invention are used show in the 
blend II with 18% water reduction from the fcrfend I of plain concrete the equal slump (flowing property) to Comparative 
examples 2 and 3 in which the high-range air-entraining, water-reducing agents (SP8. SP9) are used and to Compara- 
tive examples 4-6 in which the polycarboxylic acids (S-2. A-1 , M-1) are used. Their water-reducing property Is equal to 
that of the high-range air-entraining, water-reducing agents. 

Further, as is evident from the comparison between Comparative example 4 and Examples 1 -7, between Comparative 
example 5 and Examples 8-12. and between Comparative example 6 and Examples 13-16. in the graft polymers 
related to the invention is obtained a equal water-reducing property equal to that in the polycarboxylic acid salts with 
equal dosage. 

b. Slump lowering over time 

In Examples 1-17. the slump lowering over the passage of time is small compared to that in Comparative example 
1 . and the slump values at 60 min. later are almost equal to those measured just after mixing as is same in Comparative 
examples 2 and 3. Their slump lowering over time course is extremely small as are those of the high-range air-entrain- 
ing, water-reducing agents. 

c. Drying shrinkage reducing effect (see Fig. 1) . 

The drying shrinkage reducing ratio of Comparative examples 2-6 is slightly lower than that of Comparative exam- 
ple 1 . and the effect is insufficient 

Examples 1-17 and Comparative example 7 demonstrate the excell ent drying shrinkage reducing effect compared 
to those of Comparative example 1 and Comparative examples 2-6. 

Further, as is evident from the comparison between Examples 1-17 and Comparative example 7. there is demon- 
strated an excellent drying shrinkage reducing effect at such an extremely small amount added that the dosages in 
Examples 1-17 were 0.15-0.38% by cement weight. On the contrary, it was necessary to add the polycarboxylic acid 
salt. S-2. in 0.2% and the drying shrinkage reducing agent, GE2P. in 2.0% in such a large amount in order that Com- 
parative example 7 obtain a drying shrinkage reducing effect equal to that of Examples 1-17. 

d. Air-entraining property 

As there is no air-entraining property in Examples 1 -5, 8, 9, 1 1 , 14-17 in which the graft polymers introduced with 
polyalkylene glycol have an anti-foaming property, the amounts of air are adjusted by using, air-entraining agents. Fur- 
ther, as Examples 6, 7. 10. 12 and 13 have air-entraining properties, the amount of air is adjusted by using the anti-^ 
foaming agent. 

e. Setting time 

The setting times in Examples 1-17 are equal to those in Corrparative exannples 2 and 3. and there is almost no 
set retarding property. 

f. Compressive strength 

The compressive strength of Examples 1-17 is equal to or more than that of Comparative examples 2 and 3. 
The cement dispersing agent of the invention can reduce the drying shrinkage of a cement composition by using an 
extremely small dosage, and it has water-reducing properties. This reduces unit water content and makes it possible to 
prepare cement compositions (economically) with excellent durability. 
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Cont Table 3 

Table heading abbreviations: 

Expt. - Experiment No. 

Air - Air content (% volume) 

AS - Added sample 

DSR - Dry shrinkage ratio (xlO"*) 

Amt - amount added (% by weight on cement) 

St.- start of setting 

End - end of setting 

B - Blend 

OA - immediately after addition 
60 - after 60 min. 

CS - compressive strength (Kgf/cm^) 



Claims 

1 . A cementltious composition shrinkage-reducing dispersing agent which consists essentially of graft polymer which 
is a polycarboxylic acid or a salt thereof, having side chains derived from at least one species selected from (a) oli- 
goalkyleneglycol and/or polyalcohpis and (b) polyalkylene glycols or derivatives thereof. 

2. A cementltious composition shrinkage-reducing dispersing agent according to claim 1 . wherein the polycarboxylic 
ackJ is selected from the group consisting of styrene-maleic anhydride copolymers, their partial esters, and the 
salts thereof, allyfether-maleic anhydride copolymers, isobutylene-maleic anhydride copolymers, (meth)acrylic 
acid-{meth)acrylic acid ester copolymers, their derivatives, and the salts thereof. 

3. A cementitious composition shrinkage-reducing dispersing agent according to daim 1 or daim 2. wherein the oli- 
goalkyleneglycol is selected from the group consisting of oligoalkyleneglycol monoall^lether. alkylaminooligoal- 
kyleneglycol, oligoalkyleneglycol alkyl phenyl ether, and derivatives thereof. 

4. . A cementitious composition shrinkage-reducing dispersing agent according to any one of claims 1-3, wherein the 
polyalcohol is selected from the group consisting of neopentyl glycol, pentaerythritol, neopentyl glycol hydrox- 
ypivalate and derivatives thereof. 

5. A cementitious composition shrinkage-reducing dispersing agent according to claim 1 or daim 2. wherein the poly- 
alkylene glycol or derivative tiiereof is selected from the group consisting of ethylene oxide-propylene oxide block 
copolymers, ethylene oxide polymers and propylene oxide polymers with anti-lbaming properties, their monoalkyi 
(1 to 14 C atoms) ethers, their mono esters, and the derivatives thereof. 

6. A cementitious composition shrinkage-redudng dispersing agent according to claim 5. wherein the derivative is a 
fatty acid ester, a phosphoric ester or an acetylene derivative. 

7. A method of redudng the shrinkage of a cementitious composition by adding thereto a shrinkage-reducing quantity 
of an agent according to any one of claims 1-5. 
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A low-shrinkage cementitious composition which comprises a shrinkage-reducing quantity of an agent according 
to any one of claims 1 -5. 



18 



EP 0 725 043 A2 



Fig. i: 
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